ABSTRACT: Ixodes lividus (Koch, 1844) ticks are specific parasites of the sand martin Riparia riparia (L.). The distribution range of I. lividus covers Europe (being absent from the Mediterranean area) and Asia. However, until now there have been no reports on the presence of this tick in Lithuania. A total of 47 nests were collected in three different colonies of sand martins in the central part of Lithuania and 46.8% of them were infested with ticks. In total, 2,770 ticks were found and identified as I. lividus based on morphological characteristics. Larvae were the predominant stage, representing 99.6% of all collected ticks. The taxonomic identification of I. lividus was confirmed by sequence analysis of the tick mitochondrial 16S rRNA gene. Phylogenetic analysis of 16S rRNA sequences indicates six genotypes of I. lividus transported by the sand martin in the Baltic region. The detection of genotypes like those reported from other European regions pointed to the importance of avian migratory connections, which are associated with the dispersal of I. lividus and the related tick-borne pathogens in the Baltic region. This study represents the first record of I. lividus from sand martin nests in Lithuania.
INTRODUCTION
The hard tick, Ixodes lividus (Koch, 1844), was first described by Leach in 1815 as Ixodes plumbeus. I. lividus is an ornithophilic ectoparasite associated with sand martins (Riparia riparia) (Arthur 1963 , Filippova 1977 , Hillyard 1996 , and its distribution follows that of this host in the Palaearctic region. According to available literature data, I. lividus occurs in Europe from the south of Scandinavia up to France and eastwards to Japan (Arthur 1963 , Filipova 1977 , Hillyard 1996 , Kolonin 2009 , Estrada-Peña et al. 2017 . Surveys of the tick in colonies of R. riparia carried out in Portugal and Spain did not find this species (reviewed by Estrada-Peña et al. 2017) . Sand martins breed in colonies that range from a few pairs to more than 2,000 nest burrows. I. lividus is the main ectoparasite in the sand martin colonies. These ticks infest the birds and live in their nesting burrows. I. lividus was shown to affect the body mass of sand martin nestlings, causing a decrease in chick growth (Szép and Møller 2000) . The life cycle of Ixodes lividus takes one to two years and is closely associated with its host. Although I. lividus is known as a specific sand martin ectoparasite, there is evidence that it feeds on a number of other birds (Trilar 2004 , Waldenstrom et al. 2007 , Graham et al. 2010 , Elfving et al. 2010 .
In Lithuania, three species of the genus Ixodes have been reported so far: Ixodes ricinus (Linnaeus, 1758) , the most commonly found tick species, I. trianguliceps, and I. persulcatus (Žygutienė 2009 (Žygutienė , Paulauskas et al. 2010 (Žygutienė , 2015 . To the best of our knowledge, until now there have been no reports on the presence of I. lividus in Lithuania.
This study represents the first record of I. lividus from sand martin nests in Lithuania. Taxonomical identification of ticks was based on the description of morphological characteristics of larvae, nymphs, males, and females of I. lividus and sequence analysis of the tick mitochondrial 16S rRNA gene. The tick infestation in sand martin colonies has been characterized.
MATERIALS AND METHODS

Collection of ticks
Sand martin nests were collected from three different colonies in the central part of Lithuania in September of 2013 and 2015. The first colony (I; 54°52'49.7"N, 23°57'44.6"E) was found in a slope of the River Nemunas near the ornithological reserve, which is the largest gathering of wintering birds in Lithuania. The second colony (II; 55°01'04.9"N, 23°47'49.6"E) was found 40 km to the north from the first colony in a location surrounded by agricultural fields. The burrows were found on a high sandy slope of the River Nevėžis. The third colony (III; 55°01'38.6"N, 23°35'03.4"E) was found in a steep sandy bank of the River Nemunas in a location surrounded by abandoned fields (50 km to the west from the first colony).
The nests were obtained in all three of the colonies studied in 2013, and in two colonies (I and II) in 2015. In 2015, no nests were found in the third colony. All burrows from the colonies were checked with a flashlight to make sure that no birds or other animals occupied the burrow. The nests were dug out of the burrows and placed separately in plastic bags to prevent the escape of arthropods, and then they were transported to the laboratory. The nests were placed over Berlese-Tullgren funnels for one week for the collection of the ticks. All ticks were stored in 70% ethanol.
Morphological identification
Ticks were identified according to their morphological characteristics using identification keys (Arthur 1963 , Filipova 1977 , Hillyard 1996 and a binocular microscope. Several specimens representing each developmental stage and sex (male, female, nymph, and larva) were observed with a scanning electron microscope (SEM). The ticks were dehydrated through a graded ethanol and acetone series as described by Schorn et al. (2011) , sputtered with silver in the sputter coater Quorum SC7629 and examined with SEM-TM3000 (TOKYO: 8036, Hitachi HighTech) microscope.
Molecular analysis
To confirm morphological identification, sequence analysis of the tick mitochondrial 16S rDNA gene was performed. Purified DNAs of larvae samples derived from different colonies were used for PCR. The DNA was extracted using ammonium hydroxide solution (2.5%) as previously described (Rijpkema et al. 1996) .
A partial region of the 16S rRNA gene was amplified using 16S-F and 16S-R primers (Noureddine et al. 2011) . PCR amplification was performed in a total volume of 30 μl and the reaction mixture included 12.5 μl 2x PGR Mix (Thermo Scientific, Lithuania), 1.5 μl of each primer (10 pmol/μl), 8.5 μl ddH 2 O, and 6 μl of the extracted DNA. The cycling condition of amplification involved 5 min of denaturation at 95° C, 35 cycles at 95° C for 30 s, annealing for 30 s at 58° C, and 72° C for 1 min, with a final extension step at 72° C for 15 min. PCR amplification products were resolved through electrophoresis on a 1.5% agarose gel with ethidium bromide and visualized by ultraviolet transillumination. The amplicons were purified using ExoSAP-ITprotein (Affymetrix, U.S.A.) following the manufacturer's instructions. Purified PCR products were sequenced in one direction using sequence primer 16S-Fseq (Paulauskas et al. 2016) in the ABI PRISM 3130XL Genetic Analyzer (Applied BioSystems, U.S.A.).
The sequences were edited with Mega 6.0 software (Tamura et al. 2013 ) and aligned with each other and with the previously published sequences in GenBank using the ClustalW multiple alignment option. Phylogenetic analyses were carried out using the maximum-likelihood (ML) method implemented in MEGA 6.0. The most appropriate model of nucleotide substitution was determined according to the Bayesian information criterion (BIC) using the jModelTest2 software (Guindon and Gascuel 2003, Darriba et al. 2012) . Partial 16S rRNA sequences for representative samples were submitted to GenBank under the accession numbers: KT715814 -KT715821.
Statistical analysis
The patterns of tick infestation in sand martin nests included the prevalence of infestation (the proportion of infested nests among all nests examined) and the mean intensity of infestation (number of ticks per infested nest). They were calculated using the statistical software packages STATISTICA for Windows 8 and PARASITOLOGY 3.0. Comparison of prevalences was made by an unconditional exact test.
RESULTS
Morphological identification
All ticks collected in the sand martin nests were identified as I. lividus. The main morphological characteristics of larvae, nymphs, females, and males, which were in accordance with those described for I. lividus, are shown in Figures 1 and 2 .
Larva. Internal and external spurs lacking on all coxae, except on coxae I which have a very weak internal spine ( Figure 1a) ; basis capituli short, auriculae present as ridges; palps short and broad, with no obvious segmentation; apex of hypostoma indented ( Figure 1c) ; Cornua well marked ( Figure 1d ); tarsus I with 2 setae near the Haller's organ (Figure 1e ).
Nymph. Internal and external spurs lacking on all coxae ( Figure 1b) ; basis capituli slightly constricted at the middle; palps and hypostome short; hypostoma clearly toothed; auriculae present as ridges, as in larvae (Figure 1c) .
Female. The shape of female body oval; internal and external spurs lacking on all coxae, spiracular plate subcircular with the slightly longer axis transverse (Figure 2d ). Palps and hypostoma short, apex flattened or slightly concave ( Figure 2e) ; the large porous areas, almost contiguous, covering almost the entire basis of the capitulum (Figure 2f) .
Male. Surface punctate; internal and external spurs lacking on all coxae, genital opening between coxae II and III ( Figure  2a) ; auriculae weakly defined; palps short and broadly oval; hypostoma very short ( Figure 2b) ; the median is as long as the anal plate (Figure 2c ).
Molecular taxonomic analysis
The partial 16S rRNA sequences (378 bp) of 16 samples derived from three bird colonies were blasted against sequences available in GenBank. The sequences were heterogenic and showed 99-100% similarity with the two corresponding I. lividus sequences obtained in GenBank (KU170520 and KJ414461). Among the 16 I. lividus individuals analyzed, six different 16S rRNA genotypes were found with a difference in up to four nucleotides and two deletions ( Table 1 ). The different types of 16S rRNA gene sequences identified in this study are designated as genotypes 1-6 (Table 1 ). Four genotypes (1, 2, 3, 4) were detected among the eight I. lividus ticks inhabiting colony I, while all five I. lividus ticks from colony II were identical on the basis of the 16S rRNA sequences analyzed (genotype 1). Three different 16S rRNA genotypes (2, 5, 6) were detected among three I. lividus specimens obtained from colony III. The phylogenetic analysis showed that nine I. lividus specimens (genotype 1), which clustered together on the ML tree, had 100% identity with the isolate of I. lividus from Hungary (KU170520). Two specimens representing genotype 2 had 100% 16S rRNA sequence identity with isolate of the same tick species from Belgium (KJ41446) (Figure 3 , Table 1 
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Tick infestation in sand martin colonies
Altogether, forty-seven nests (20 from colony I, 20 from colony II, and seven from colony III) were collected and 46.8% of them were infested with ticks. I. lividus ticks were found in all of the three colonies studied in 2013, and in two colonies (I and II) in 2015, because colony III was abounded. In total, 2,770 ticks (one male, four females, seven nymphs, and 2,758 larvae) were found (Table 2) . Larvae were the predominant stage in the nests, representing 99.6% of all collected ticks.
The infestation percentage and mean intensity of infestation varied in different colonies and in different years (range 28.6 -60% and 1.5 -341.3 ticks per nest, respectively) ( Table 2 ). The nests collected in colony II in 2015 had the highest numbers of larval ticks and the highest value of the mean intensity of infestation. The numbers of I. lividus obtained in a single infested nest in colony II varied from four to 37 and from one to 1,841 ticks in 2013 and 2015, respectively. The intensity of infestation in nests from colony I varied from two to 298 ticks in 2013, and from 23 to 98 in 2015. In colony III, three ticks were found in two nests (from the seven obtained) in 2013. In 2015, no nests were found in this colony (Table 2) . However, the differences in the prevalence of infestation in different years (colony I -two-sided p value >0.3; colony II -two-sided p value =0.26) and between colonies (2013 -two-sided p value =0.26; 2015 -two sided p value >0.3) were not statistically significant.
DISCUSSION
Ixodes lividus is reported to infest avian hosts in large parts of Europe (Kolonin 2009 ). It was considered that I. lividus ticks could be found at any place where sand martins hatch. Despite this, there are only a few studies reporting this tick species in sand martin nests, in Finland (Ulmanen et al. 1997 ), Slovenia (Triliar 2004 , Switzerland, and Russia (Mikryukova et al. 2014) . I. lividus ticks were found on sand martin birds in the U. K. (Pietzsch et al. 2008 , Graham et al. 2010 and Romania (Marcutan et al. 2015) .
The present study is the first finding of I. lividus in Lithuania. All three developmental stages of I. lividus were found in nests. The nests were taken in autumn after the nesting of the sand martin and the departure of birds to the wintering areas. By this time most of the ticks have completed their life cycle and only unfed larvae are left to overwinter in the nests. Nymphs are the predominant tick stage on adult sand martins in the main nestling period, and at the end of the nesting period juveniles also are heavily infested with nymphs. Female ticks feed on juvenile birds, while male ticks do not feed at all. Larvae hatch in autumn and winter in the nest until the next spring (Arthur 1963 , Filipova 1977 , Hillyard 1996 . Our observations showed that the nests were nearly exclusively infested with unfed larvae, but a few unfed adults and nymphs were also found. Engorged ticks were not found. The finding of both nymphs and adult ticks in nests indicates that I. lividus overwinters in all stages in Lithuania. Previously, it was suggested that in northern areas, the life cycle of I. lividus usually lasted more than one year (Zolotov 1972 , Ulmanen et al. 1977 , Bobovskikh 1979 .
The tick infestations may depend on the age of the colony (Szép and Møller 2000) , as was shown in the study conducted in Hungary (Szép and Møller 1999) . In May, sand martins search suitable nesting places and visit the burrows of old colonies. They then either deepen old burrows, or dig new ones. In old burrows, unfed larvae which were left in the nest from the previous year attack the birds. In newly formed colonies, ectoparasites are transported by adult hosts from the already infested colonies, and usually tick infestation in such colonies is not high. However, in older nests, tick infestation may reach very high levels because sand martins could reuse nests due to the intense competition for them (Szép and Møller 1999) . Sand martins usually dig new burrows and tend to avoid reusing old nests, perhaps because of the risk of parasite infestations (Alves 1997, Turner and Rose 1989) . The number of the nests and ages of the colonies mainly depended on the sand digging activity of humans. However, the results of previous studies conducted in Slovakia (Mašan and Krištofik 1993) showed that the abundance of I. lividus in nests of R. riparia seems not to depend on the size and the age of the colony but rather on the place. The highest infestation was recorded in the lowlands where nests were located in alluvial walls, which were often or regularly destroyed by water streams. It seems that there are several ecological factors, like the size, age or the place of colony, which could influence the intensity of I. lividus tick infestation of sand martin nests. In our study, we observed that the numbers of I. lividus obtained in a single infested nest varied from one to 1,841. The obtained differences in the prevalence of infestation in different years and between colonies were not statistically significant. More studies are needed to evaluate the factors affecting the intensity of tick infestation in Lithuania. Table 2 . Occurrence of different Ixodes lividus stages in the nests of sand martins in 2013 and 2015 (L -larvae; N -nymphs; A -adults).
The taxonomic identification of I. lividus was confirmed by the sequence analysis of the tick mitochondrial 16S rRNA gene. In analysis, 16S rRNA sequences from the Gene Bank of closely related Ixodes species were involved, including those determined in Lithuania. In the phylogenetic tree, the 16S rDNA sequences of I. lividus were closely linked to those derived from I. arboricola ticks (Figure 3) . The similar phylogenetic association has been shown in a study by Heylen et al. (2014) . The genetic similarity among I. lividus and I. arboricola ticks is in accordance with their morphological and ecological resemblances. I. arboricola and I. lividus are strictly endophilic ticks, associated with bird nests inside cavities in wooden and sandy substrates, respectively (Hillyard 1996) . Ixodes. arboricola have a low health impact on the songbird hosts (Heylen and Matthysen 2011) , while I. lividus may cause a decrease in chick growth (Szép and Møller 2000) .
The phylogenetic analysis showed that nine I. lividus specimens, which clustered together on the ML tree, had 100% identity with an isolate of I. lividus from Central Europe, Hungary (KU170520). Two specimens represented by another 16S rRNA genotype had 100% sequence identity with isolates of I. lividus from Western Europe, Belgium (KJ41446) (Figure 3 , Table 1 ). The sequence identity between the isolates indicates that the same genotype is present in western and central European population of I. lividus. The 16S rDNA sequences of the remaining three specimens (P2-6, P2-2, and P2-3), which differ in one nucleotide deletion, form a separate group on the phylogenetic tree. Hornok et al. (2016) described 100% similarity in COI sequences of the I. lividus from Hungary and the UK. These findings, and also the evidence that I. lividus was found on a number of other bird species, pointed to the importance of avian migratory connections, which are also related to the transportation of tick-borne pathogens. This is the first study of I. lividus ticks in Lithuania, which confirmed the occurrence of this species by applying the methods of morphological and molecular analysis and described the tick infestation patterns in sand martin nests. Phylogenetic analysis of 16S rRNA sequences indicated four genotypes of I. lividus are transported by sand martins in the Baltic region. The detection of similar genotypes to those reported from other European regions pointed to the importance of avian migratory connections, which are associated with the dispersal of I. lividus and the related tickborne pathogens in the Baltic region.
